Serum deprivation induces apoptotic cell death in a subset of Balb/c 3T3 fibroblasts.
Little is known about the regulation of apoptosis in fibroblasts although several model systems including serum deprivation and treatment with staurosporine or topoisomerase inhibitors have been used to induce apoptosis in vitro. To validate a reproducible in vitro model for the study of apoptosis in fibroblasts, we cultured density-inhibited monolayer cultures of Balb/c 3T3 fibroblasts in Dulbecco's modified essential medium plus 15% fetal calf serum and then withdrew serum. Time-lapse video microscopy demonstrated that within minutes of serum withdrawal, cells lost substrate attachment and floated to the top of the liquid growth medium. There was a time-dependent increase in the number of non-adherent cells. Some of these cells regained attachment and spread momentarily, but they eventually rounded up and lost attachment permanently. In contrast to serum-containing cultures in which similar morphological changes were followed by mitosis, in serum-free cultures repeated attempts at mitosis were followed by permanent attachment loss and presumably cell death. To assess whether all the non-adherent cells were in fact dead, the percentages of cells that continued to proliferate upon return to serum-supplemented conditions was computed. After various periods of serum starvation a decreasing proportion (approx. 75% at 30 minutes; < 2% at 24 hours) of the non-adherent cells could be rescued by addition of serum. Transmission electron microscopy of cells 3 hours after serum withdrawal showed that the majority (approximately 60%) of non-adherent cells exhibited marked intranuclear chromatin condensation but maintained integrity of cell and nuclear membranes and cell organelles, morphological changes consistent with those of apoptotic cell death. Scanning electron microscopy of cultures 3 hours following serum withdrawal showed rounded cells with marked surface blebbing. Fluorescence and confocal microscopy revealed increased intensity of nuclear staining with DAPI while actin filaments became indistinct or collapsed around the nucleus. After cycloheximide treatment to inhibit protein synthesis, there was no reduction of apoptosis. Gel electrophoresis of DNA from both control and 3 hour-serum-deprived cells showed intact DNA with no oligonucleosomal length fragmentation. After serum withdrawal, intracellular calcium was reduced by about 32% over 5 minutes as measured by fura2 ratio fluorimetry in single cells. Serum-starved cells showed a time-dependent shrinkage in mean cell diameter compared to trypsinized, adherent control cells (at 0 hours, mean diameter = 18.0 microns--viable; at 4 hours, mean diameter = 15.5 microns--apoptotic). Flow cytometric analysis showed increased propidium iodide staining and reduced fluorescein diacetate uptake over 3 hours, changes that were contemporaneous with the reduction of cell diameter.(ABSTRACT TRUNCATED AT 400 WORDS)